RM No. LEI12

EFFECT OF RIVET HOLES ONF THE ULTTMATE STRENCTE DEVELOPED

BY 2hsS~T AND ALCLAD T5SeT SHEZT IN
INCOMPLETE DIAGONAL TENSTION
By
L. Ross Levin and David H. Nelson

Langley Memorisl Asronautical Leboratory
Langley Field, Ve.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON




HACA RM No. LEI12 31176 Lﬂg\ﬂhﬁm“\ﬂ

IRV

EFFECT CF RIVET HOLES ON THE ULTIMATE STRENGTH
TEVEILOPED BY 24S-T AND AICLAD 75S-T SHEET
TN TNCOMPIETE DIACONAT: TENSION

By L. Ross Levin and David H. Nelson
SUMMARY

Strength tests wore mede of a number of 24S-T and fAleclad T5S-T
aluminum-alloy shear webs to determine the effect of rivet or bolt
holes on the shear strength. Data were obbtained for webs which
approached a condition of pure shear stress as well as for webs
with well-developed diasgonael tension. The rivet factor, (pitech
minus diemeter) divided by pitch, was varied from approximately
0.81 to 0.62. These tests indlcated that the shear stresses on
the gross section were nearly comstent for all values of the
rivet Pactor investigated if the other propertles of the web
were not changed. -

INTRODUCTION

The strength of a shear web is somstimes computed on the
assumption that failure will take place when the shear gtress
on the net section between rivet or bolt holes reeches the ultimate
shear stress of the material. This practice is analagous to the
method used for computing the strength of tension members with
holes, except that meny of the light alloye used in alrcraft structures
are Ynown to show stress-concentration effects of holes at ultimate
load. These offects must be teken into sccount when computing
the strength of tension members. Similar stress-concentration
effects may be expected in shear webs. anotuer difficulty involved
in computing the strength of shoar webs 1ls thet no really satlis~
factory method of determining the ultimate shear stross of a
thin sheet has beon devised.
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Becauge of these difficulties the most expedlent method of
Geberndning the allowable stress for shear *3bs with riveb or
bolt holes is by direct tests on shear weba fastened with rivetz
or bolts end subJected to pure shear loed, whils the ratio of
1iteh to diameter 1s varied to evaluete the combined effect of
reutction in gecvion and strese concentration around holes.

The stiffening of the webs should alsc be varied in order to
devermine the effect of changing from the neorly checr-resistent
web (reilure occurs soon after buckling tekes place) to the
partly disgonel-tension web (failure occura leng aficr buskling
takes place). The recults of such tests mnds on Z4S-T end
Alclad T5S-T elumimme-alloy sheets are givon Lorein.

SYABOLS

D ~d net arnea alomng line of holes
Cr rivet fector (“ or e ~ )

\ P groes eree along lire of holes,
L length along one side of shea ponel between corner

bolte, inches

P losd regquired to fall panel, kips
d dismeter of rlvet or bolt holes, inchen
P pitch of rivet or bolt holes in ons row, inches

ck

thickness of sheet, inchss

On1t ultimete tensile stress, ksi

Onerf ~ultimate tensile stress on net sectlon of perforated
tenslle specimen, ksl

T shear stiress on web, kel

g ghear stress on gross section of web, kei

Tn shear stress on not secfion of web between rivet holez, ksi

average measured gross sheasr stresg at failwre for one
type of specimen, ku

Tult ultimate shear stress of meterlel, ksi
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TEST SPECIMENS AND PROCEDURE

The test specimens used in the present investligation were
mede from 24S-T or Alclad T5S-T elumimm alloy of 0.040-inch
thickness. In order to have specimens fail et different stages
of incomplete disgonel tenslon same specimens were tested as flat
gheete wilthout stiffensrs; thesge specimens gave fairly well-
devsioped diagonsl tension. The other epecimens, tested with
closely spaced stiffeners (fig. 1), anproached 2 condition of pure
shear stress. Most of the speclmens, which had an effectlve length

of 51% inches and an effective width of 5 inches, were tested in

the rectanguler frame shown in figure 2. A few of the specimens

were panels 10 inches square and were tested in the equare frams

shown in figure 3. The epeclimens were fastened into the square

end rectangular frames with one or two rows of bolts which were

tight fits in the holes. All but two of the tests in the

rectangular frame were made with washers under the hesds of the

bolte; those two wsre mede with the heads of the bolis bearing directly
on the sheet. The teste in the square freme were made with the sheet
between “he angles and also with the sheet on the outside of the angles
g5 that the bolt heads werc beering directly on the sheetb.

In all tests the pltch of the holes was 1 inch end the hols
diameters, used to obtaln a variation in pitch-to-dlemeter ratio,
were 3/16, 1/k, 5/16,and 3/8 inch.

The test specimens were cubt from several different sheets
of material. Ultimate tensile strergths of each gheet of materiel
were determined from the following groups of combrol specimens:

(a) Two standerd tensile specimens cub perallel to
the grain

(p) Two stendsrd tensile specimens cut perpendicular
to the grain

(c) Two perforated tensile specimens cut parallel to
the grain for sach size of hole used in the shecar webs
(eight specimens)

(4} Two perforated tensile specimens cubt perpendicular
to the graln for each size of hole used in the shear webs
(eight specimens)
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The perforated tensile specimens mentioned under (c) end (&)
were sbrips with & width eguval to the pitch ot the holes in the
shear webe and with a hole in the middle of each corresponcing
to one of the silzes used in the shear webs. These nmerforeted
specimens were used to evaluaste the stress-concentration effects

L ultimate load under simple tension loading.

TEST RESULTS

The ghecr stress at failure was computed for both the gross
gection end the net sectlon along the line of holes end reduced
to the minimum gueranteed proderties of the material. The shear
stresa ab fallure on the gress section of each specimen tested
in +the rectanzular freme was compubed by

T . =

: (1)

)

cr

For the specimens tested in the sguare freame with diagonal loading
the formula Tor shear stressz on the gross section beconmes

0.707P
g~ T1s (2)

The sghear stress at fallure on the net seztion along tiw line of
holes was computed for each specimen by

T _18 (3)
C.-

In order to make possible a camperison of spesimens cut from
dirferent sheets of thoe same material, =ll shear strecscs computed
by rormmulas (1), (2), end (3) were reduced to the minirnm gusranteed

roperties of the material as given in referenceg, l a.ug;: = AP
fgi; ksl for 24S-T aluminum elloy and To kei Tor W34 $55-T alumimm
alloy). This reduction was mede by multiplying the valies obtained
frem formmles (1), (3), an3 (3) by 6:/0,7s for z45-T eluminum

allcy and 77/ogyy for flclad 798-T eluminum allay, where Gy

iz the actual ultimate tenslle stress of a particular shech

obtained from standard tensile specimens cut nermendicular to the
greln of the sheet. Clandard tensile specimens cut perpendicular

to the grain were used to cbtain O,1t Peceuse refcrence 1l shtaves

- se
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that e specimen cut from the sheet in any direction shall possess
the certain minimm guaranteed properties given in thils reference
paper. For the stendard cross-graln specimens, 0,74, Wwas generally

from 2.2 to 3.4 percent less then for the stendard with-grain
gpecimens. (See table 1.)

The reduced values of T_, and T, are shown in figures 4 and 5

from which, apparently, T g %s nearly constent while T, decreases
as C, increases. Figures 4 and 5 show the average values of
gross shear stress at fallure TSa.v for the webs with edges clamped

between & heavy plate and stliff washers or between two heavy plates.

The value of TSav wes 36.9 ksi for the stiffened Alcled 75S-T wehbs,

31.9 kei for the unstiffened Alclad 755-T webs, 30.3 ksi for the

stiffened 24S-T webs, and 25.3 ksi for the unstiffened 24S-T webs.
The individual values of Tg in eny group did not very more then
9 percent from these values of T and most of the panels fell

&av
within 5 percent of the average. Flgure 6 chows these variations
betweesn TSav and indlvidusl values of T g for the webs with

edges clamped between a heavy plate and stiff washers.

Table 1 gives the ultimate stresses for the net section of
the perforated tensile specimens as well as for the standard tensile
specimens. This teble also glves the stress-concentration factors
Ou1t/Operst for the perforated speclmens, where 0,14 is the
average ultimate stress of two standard tenslle specimens and
Spers 1 the ultimate tenslile stress on the net section of a
perforated specimen cut in the seme direction as the standard
specimens. Inspection of teble 1 indicates a slight tendency
for cperf to decrease as C,, Increases.

DISCUSSION OF TEST RESULIS

In sircraft structures the shear stress T on ‘the gross

section of & shear web is scmetimes computed by formwla (1), and
the sheer streoss T, ©on the net sectlon along the rivebt or bolt

line, by dividing Ty by C, as indicated by formila (3).

Faillure is assumed o occur in a straight line along the center line
of the holes when Tp becomes equal to the allowable shear siress
of the materdal. This alliowable stress is assumed to be indspendent
of changes in the pitch-to-~-dlameter ratioc of the holes. The
pregent tests, however, seem to Indicate that this methed 18 notb
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correct. These tests show that fallure tends to be in a zigzeg
line hetween holes rather then in e gtraigh* line. The tests
else indicate that the shear streseses on the net secition Ty

gt fallure were not constent as usvally assumed but decreesed
g2 Cy increasesd.

Varietlons in sheer stress at fallure.- Figuresc 4 and 5
end table 1 indicete that the decrease in T, &t failure

as Cp inecreased was large compared with the decrease in
Cpopf on the tensile specimena. Camputatlons showed that for
shear webs with O, approximately equel to 0.81, T, &b
failure was from 20 to 30 percent less than for the sheax webs

with C» aporoximastely equal to 0.62. Tuble 1 indicatos theb
the stress-concentration factor Gu_-v_ Opert veriod from 1.038

to 1.088 for the Alclad T55-T aluwmimm alloy and from 1,044 to
1.202 for 24S-T aluwmimm elloy as G, verled from 0.800 to
0.606. These facts, then, indicate that the veriation in T,
cen be pavetly eccounted for by the stress-concentiration effocts
noted in the tension tests.

Part of the decrease in T, at failure as C, increased may
have been becevse large bearing stressez =g well as large shear
gtroeses were &t the same polnl on the edge of e hole in the
shesr webg; whereas, no bearing siresses wore around the edge
of a hols in the perforeted tensile spocimens. Thess beoaring
stresses increacsed ©s8 C, Increascd; apparcntly, this increase
in bearing etreoss decreassed the &bility of the cheet Lo cervy
shcar stress. The Cata avallable ere insulficicnt to detcrmine
the exact intcraction effects.

Grose shear stresses &t failurs.- Figures 4 end 5 show thet
7, 1e elmost consient over the rangs of C, from abowt 0.81
+3 chout U.62. The averege values of gross shetr stress &t
Teilure Tgav are given for shear woebe with the edges clamped

between two heavy plates or beiween & heavy platc end stiff
~reshers. These voluce of T gav? however, should be used only

for the range of Cy velues covered in tho pregeit tests. As

Cr continues to decresso, Tn will become nearly consbtant bectuse
it is approasching a maximum veluc somevhat loss than Tult for the
maverial; when this value is reached, Tg will no longer be constent
but will docreasc at ebout the same rote as Cp  (tho ratio of net
erca elong the line of holes to gross crea along the line of holcs)
decreases.
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Effect of method of attachment on shear stresses.- The average
gross ghear gtresses showsz in flgures bk and 5 ere the result of
tegsts on specimens wlth the heevy attachmsni plate of the
rectangular frams on ons gide of the web and stiff washers on
the other. Two teste were &lso made with the sheet clamped between
the faces of the heavy angles 1n the squere frame shown in
figure 3. The results of both methods are shown in figure 5 and
no apparent difference 1s noted in the shear strength obtained
by the two methods of fastening. Two tests were made in each
frame with the heads of the bolts bearing directly on the sheetb
of the specimens, which were duplicates of those specimens that
had hoevy plates on both sides or 2 heavy plate o one slde
and stiff washers under the bsads of bolts. The results of these
tests are also shown in figure 5. When the heads of the bolis
were bearing dlrectly on the sheet the shear strength was
epparently lowsr than when ths sheet was clamped between & heavy
plate and sbiff washers or between two heevy Dlates. The sghear
strength obtained when the bolt heads were besring directly on
the sheet was about 11 percent lecs than when the edges were
well supnorted on both sides. Previous tests describod in ieference 3
indicated that specimens which were riveted tc one gide of a plate

thout washers under the heads of the rivets would have a strength
about 15 percent less than ths swrength of a similer gpecimen bolted
or riveted between heavy nletes.

Two factors may contribute to this difference in strength
between webs that are clamped between & heevy plate and washers
and webs thut are fastened to & plete on one side but have the heads
of the bolis or rivets bearing directly on the opposite side of
the sheet. When the web is tightly clemped betwsen a plate
end washers or between two nlateg, frictlon mey transmit some of
the load and reduce the stress before ieaching the net mection
&along the rivet line. In the present tests, howsevor, the bolts
were drawn Just tight enough to make certain that the parts were
@&rewn together so thet very little opportunity exissed for any load
to be transmitted in friction. The peaits are usually clamped more
tightly than they &re in these tests; therefore, if eny load is
transmitted in frictlon, the present tests are probebly conservative.
Anothor explanstion for the difference in strength may be that when
the web is fastened to a plate or angle with only the head of
& rivet or bolt for support on the opposite side, the buckles which
develop 1n the sheet extend very close to the edges of the holes.
When this buckling occurs there is a local Increase in stress
cauged by the folds es well as by the reduction in net secvion
elong the rivet line. When the shect is supported on both sides
the buckles do not extend very close to the holus; therofore, no
locel increase In stress from this source is addsd to the local
increage Iin stress cauced by tho reduction in the net section along
the line of holes.
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Inmber of rows of rivets required.- Figures Lk and 2 show
thet in booh 24S-1T and in Alcled [53-T webs no consistent
difference was noted in strength betweon the specimens fastened
with one and two rows of bolis for3values of €, rom Q.75
to 0.62. For Cr of about 0.81 (ig—in. hole:), however, the

=4S -T specimens with one row of bolts consistently ceiried

emalier loads than the specimens with two rows of boltu. HNeo

toats woro made on Alelad T53-T webs with ot row of 2. inch bolts.
te "4

Tne bearing ctresses on the 2LS-T panels with one row of - -inch

16
holes exceednd the allowable bearing shreasees; on all others the
teering stresses were below the allowable values (reforence L) .
If one row of bolis is sufficient to reduce the bearing stresses
below the allowable velucs given in ireference 4, then, whe
eddition of the second row in en attempt to decrezse the bhearing
ptresges at each hole aeppcars to have very little or no effect on
the sirength of the Joint. Of course, 1f one row oi rivecs doos
not furnish sufficlent shear strength in the rivets then ths
addition of a second row wouwld increase the strength o the Joinu.

CONCLUSIONS

Strength teste were made of shear webs of 24S-T and Alcled T5S-T
sluwainim alloy to determine the sffect OF rivet or bol:i holes on
tile alloweble ehesr strees of these materials. In order to obtain
data on specimene that failed st different stages of incomplete
diegenel. tension, one type of specimen - a flat sheet without
gtiffeners - gave well-developed diagonal tengclon; the other
tywe of specimen - a flat sheelt with closely spaced stiitencrs -
approached & condition of pure ghear stressc. The rivets factor Gy,
(pitch minus diemeter) divided by pitch, was varied ivom absus
.81 to sbout 0.62 by using & constant pitch and chenging thc
gize of the holes. Thesc sheai web tests indlcated that:

1. The shear stresses on the gross sechlon at fallurc were
almost constant for ell velues of C, invegcvigated i the other
properties of the web were not changed.

2. For webs with the edges clamped betweon two heowy plaies
end stiff washers, the average shear stresc on the grose section
at fallure was 36.9 ksl for the stiffened Alclad T55-T wcbe, 2L.9 kei
Tor the unstiffened Alcled T58-T webs, 20.3 kel for the stiffened
248 -T webs, end 9.8 ksi for the unstiffened :LS-T webe.
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3. Vken the webs were fastened wlth a heavy plate along one
gide with the heads of the rivets or bolts hearing directly on
the sheet on the onposite side, the shear sbrengch of the webs was
about 11 percent lesa then when the edzes weroe well supported on

both sides.
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ecee’ TENSILE STRENGIES OF CONTROL SPECIMENS
eele -
S, Nominsl | Net erea | Operf| Sult Baminel | _Net area |Operr|®ult
¢ . Specimen! dtemoter| Grosas erea’| (ksi}| o Specimen| diemster| Gross area’| (ksi) Spery
sgsces (in.) Cr per (in.) Cr
24S-T gheet 1
With grain Cross grein
(o = T1.62) (oy1e = T0.0T)
1 3/16 0.812 59.6 | 1.202 25 3/26 | 0.803 60.4% |1.159
2 3/16 .T92 64.5 | 1.110| 26 3/16 .98 61.9 }1.132
3 1/k .53 63.2 | 1.133 27 /s .8 61.1 {1.1k8
4 1/h «T50 64.3 | 1.131 28 /% .T52 60.3 [1.162
5 5/16 .682 .7 1.106 29 5/16 679 60.7 [ 1.155
6 5/16 672 63.8 | 1.122 30 5/16 676 61.2 [1.1k5
T 3/8 . 6.7 | 1.106 31 3/8 606 6.7 [1.136
8 3/8 632 6:.8 | 1.10% 32 3/8 .613 €:.3 [1.089
24s-T cheet 2
With grain Cross grain
(o = T1.84) (oy1e = 69.60)
9 3/16 0.800 63.7 | 1.128 33 3/16 | 0.802 62.1 |1.121
10 3/16 813 63.9 | 1.124 3k 3/16 Tk 63.0 |1.103
11 1/ 51 67.0 | 1.072 35 /b <Thh €3.% |1.097
12 /4 752 67.0 | 1.072 36 i/k <45 63.9 [1.088
13 5/16 . 66.5 | 1.080 37 5/16 .681 65.9 |2.055
1k 5/16 691 66.6 | 1.079 38 5/16 686 6.5 |1.0T8
15 3/8 .625 68.0 | 1.056 39 3/8 .626 65.1 |1.069
16 3/8 624 68.8 | 1.0k %0 3/8 621 €6.2 |1.051
Alcled T58-T sheet
Witk greln : Cross greain
(Uﬂt = 81-3]{') (Gﬂt = 78.56)
17 3/16 0.828 .8 |1.088 5§ 3/16 | 0.807 75.3 |{1.043
18 3/16 «T98 8.2 | 1.039 L2 3/16 .802 .3 |1.068
1 /4 «T39 8.3 | 1.038 43 1/ .T52 3.2 |1.0T3
20 1/s <J6T 75.0 | 1.083 L /4 «Thh .7 12.052
5/16 682 Y TT.1|1.055 45 5/16 .682 75.2 |1.045
. 22 5/16 677 TT.4 [ 1.051 L6 5/16 .690 73.8 [1.064
23 3/8 .618 7.3 | 1.052 W7 3/8 620 5.5 |1.0k1
2l 3/8 .618 T6€.3 | 1.06% 58 3/8 .62h .7 {1.052
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